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I)	 INTRODUCTION
The OEM-1 Electronic Module is ccmprissd of basically four subsystems:
i )	 The signal processing and display,
ii )	 +he stepper motor controls,
iii) The chopper controls,
iv) The GC-DC inventor.
Each of these subsystems will be discussed in detail within this Instruction Manual.
The OEM-1 module controls the sample wheal so that the relative trors-
mittance of the samples can be compared to the clear aperture posit ron. The 3-1/2
digit DVM displays the clear aperture signal level as well as the ratio of the remaining
sample positions relative to the clear aperture position. The sample wheel position is
decoded so that the signals and ratios can be correlated to the data. The OEM is
automctically reset to the 1  on initial tern-on and can be reset to the 
"oil
	 by
actuating a f:cnt panel switch. The sample wheel can be interrupted to change samples
or induce a longer integration time if desired by a front panel command. Integration
times from 1 - 50 seconds are provided at the front panel. BCD data far external
interfacing is provided.
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11)	 SPEC!F:CATIONS
OEM Electronics
Analog Divider Accuracy f 0.25% for c > 100 mV
Ratio Accuracy < 0.49'0; ( rQ = 10 V )
DVM Accuracy 0.05% Reading f 0.05% F.S.
DVt,1 Temp. Coefficient f 0.005% R/°C
DVM F. S. Sensitivity 19.99 V
DVM Resolution 10 mV
DVM Input Impedance 1 Mot"
DVM Digital Outputs Parallel BCD, TTL Compatible..
1-2-4-8 Coda
DVM Reacting Rate Up to 10 /sac
System Sample Time 1, 2, 5, :0, 20 rind 50 sac
Maximum Input + 10 VDC
Input Polarity PQ3;Hve
I0 Analog Output + 10 V Max
In 
/1 0 Analog Output + 10 V #VOX.
In
 Analog Output + 10 V Max
Number of Sample Positions 8
Position Indicators i'ront Panel LCD Indicators.
One for each position.
Position Dam f'rrnliel BCD, TTL Compatible
-2-
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Data P.eady
	 T11_ Compatible; one at CVM reading
.-d orie ANDed function of DVM
+ Sample Timor Rate
Chapping Frequency
	 15 Hz
D / A Linearity	 0.05% ( 25°C ) of ful I -cafe
0.075% ( 0 - 70°C ) of full scale
	
1
Power Requirements
	 + 28 VDC, 130 W ( Max. )
Dimensions	 5-1/4"x 19"x 17'
^j
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ill ) CIRCUIT DESCRIPTION
The OEM-1 has three printed circuit boards,;
i) The Signal Processing and Chopper Electronics,, PCB-080,
ii) The " Sequencer and Controller " board, PCB-078,
iii) The Povw Supply board, PC8-079.
The functions of these boards are described in the fol!0%ving text.
A )	 SIGNAL PROCESSING AND C^:")'OER
The light source is modulated by a stable chopper network consisting of
a DC motor, the chopper blade., the rate detector, and the speed controller.
The controller output is proportional to the error signal generated by the
difference between the rote feedback and a stable internal reference signal.
The modulated light is detected by the EMR photomultiplier tube ( PMT ) as it
passed through the sample wheel apertures. The output of the PMT is channelled
into a lock-in amplifier ( to be supplied by NASA ) which is synchronized to the
modulation frequency of the chopper wheel. The chopper reference output signal
is available at the OEM-1 front panel, labelled Cho pper Monitor. The output
of the Icck-in amplifier must be positive with a maximum amplitude of + 10 V.
For optimum ratio accuracy, the clear aperture signal, r0 , should be as close
to + 10 VDC as possible. Th: lock-in e,::;;'i ier is attached to the OEM
electronic module via the buffer amplifier. The output of the buffer is made
OrIGTNAL U G
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avnilcble at the tront panel, labelled rn . This output rdonitors the voltage of
the lock-in signal and provides an annlog output for each sample wheel position.
The buffer output is connected to the analog div;uer and to the DVM ( digital
voltmeter ) input relay. The DVM input relay is in the 10 position only
when the sample wheel is in the clear aperture position. The clear aperture
signal , o, is digitized and displayed on the 3--1/2 dinit DVM. The BCD
output 10 of the DVM s stared in the storage resistors until the system is either
manually reset or the sample wheel has moved all the way around back to the
10
 position. A 3-1/2 dl.git D / A converter is used to convert the digital IQ
information back into the analog domain. The D / A output is maintained
stable regardless of the length of the s-imple time selected. Thus, analog
sample anti hold amplifiers have been eliminated which would otherwise
cause ratio errors due to the finite droop in their outputs.
Thus, the D / A output provides a stable and accurate 1 0 reference
level for the analog divider. This cute ut is also available at the front panel
labelled 10 .
After the I0 has been digitized, stored and converted back to the
analog domain, the DVM input relay is switched to the In /Io position as
the sample wheel indexes to a new position. Thus, the ana'.ag divider now has
two inputs:
i )	 The stable, stored Io level and,
The different level corresponding to a new aperture position.
-5-
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The output of the analog d 1svider is digitized and displayed on the DVM.
The ratio Tn /Ia , where In is the signal corresponding to the seven other
aperture positions { n = 1 7 ), is disp-' ,(Y, d sequentialiy as the stepper motor
drives the sample wheel around to the initial I position. When the o
position is reached again, the DVM selector switch commanded to the Io
position. The new I0 value is digitized, store* and converted, as before,
to provide a new I0 reference for the next revolution of the sample wheel.
If for any reason the Zn signal is greater than the .o signal, the front
panel Error light will illuminate. The could happen, for example, if the
lock-in sensitivity was changed in the middle of the sample wheel indexing
process. The front panel Overload indicator will illuminate if the signal input
eve: exceeds + 10 VDC. These two indicators functiow; ctre also available in
TTt levels for digital processing to indicate erroneous data.
Whenever the porr.' is initially turned on or a reset command is given,
the system will automatically seek the?position and store a new I valueu'	 o
for the ratio comparison. The DVM's i3( -,D outputs are available along with
data ready transfer pulses and sample wheel position data. These outputs can
be connected to external peripheral equipment for further storage and / or
processing. The DVM's digital outputs include the .r0 value and the ratio
In /Io (n = 1 -7).
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B )	 SEC UENCER AND CONTROLLER.
The control subsystem performs all the functions to properly correlate
the sample wheel position and the signa'. boi:ig processed. To best understand
the operation, refer to Figure I 1 and f =igure 0 2 for the following discussion.
When the unit is first turned on, a " power-on reset " command is
initiated which enables the stepper motor index clock. This clock drives t"
stepper motor, via the motor driver circuitry, which in turn spins the sample
wheel. In Figure 1 2, position 4 was initially assumed. The stepper motor
continues to index until the " 0 " (Io ) position is reached. Position sensors
are used to distinguish the I0 position from the other positions. During this
indexing process, the system registers are reset to zero to eliminate initial
errors.
When the 
c 
position is reached, the Io position sensor goes high and
the " 0 " front panel light goes on. This enables the sample timer whose time
interval can be selected at the front panel. The Io position is maintained
for the preselected sample time interval. On the leading edge of the
subsequent sample timer output pulse, a couple of things happen:
i)	 A data ready ( transfer ) pulse is generated so that the
digitized Io data from the DVM can be stored in external
peripheral equipment, and
ii )	 the DVM's BCD data is transferred into the storage register
and stored until the next I. position is reached.
AL PAGE ^ -7-O G^ ^ QU^^ 
The D / A converter therefore ma iriuins the stable analog signal at the input
of the analog divider for the remaining cycle.
On the samplo timer's output t railing edgo, tits stepper motor is
commanded to index to the next ( 1 ) position. Whon the " 1 " position
r
{ referring to I1 aperture ) is reached, the " 1 " pc+. ition Sight comes cn.
In addition, the DVM input relvy is actuated to the ; n /.T0 position.
This switch position is maintained until the next I position is reached. Thus,0
the PVM displays the ratio of I1 /IG. The digitized I1 /Io information
is strobed out to peripheral equipment v 	 the leading edgr of the next scyriple
timer output pease appears. This allows me digital output to he available only
after the end of the integration time generated by tfie sample timer. The
lock-in amplifier time constant should be selected in accordance with the
sample timer setting. If desired, however, the digital output can be
transferred at the DVAA's reading rate ( up to 10 readinf!3 / se. ) since two
dnta ready TTL levels are provided. One conics directly from the DVM ani the
other is an ANDed function of the DVM and the sample timer logic. The ANDed
date ready level occurs after the motor indexes to a nerr position and the
sample timer interval has expired. The position data decoder will always provide
the necessary information to correlGte the signal data with the position data.
This process continues sequentinlly and automatically until the next
Io position is reached. A newX value is ry^ain displayed and stared and
the indexing process continues, as be;; p e. The time interval betvmon the
oRicnO-L Qu G
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same !e positions is cent-oiled by a front panel switch with 1, 2, 5, 10, 70
and 50 second positions. Each position is displayed at the front panel by an
illuminated LED indicator light.
The indexing process may be indefinitely hold in the desired position
by actuating the Interrupt switch.
This switch disables the sample timer. This switch can be used to stop
the wheel without resetting it to the T^ lion. Use this switc+ °O stop the0
wheel mten a new sample is to be installed or use it to integrate longfx than
the sample rate clock settings allow. If pressed while the stepper moor is
indexing, the sample wheel will continue to the next position. The stepper
motor toas 15° indexing i:narements, thus three motor clock pulses are
required to index the sample wheel to the next operture position.
When the Interrupt switch is deactivrlad, the sample wheel will
adrance to a new position and continue at the selected sample rate.
If the Reset switch is actuated, the stepper motor will index until
the " 0 " position is reached. The storage register and this position data counter
wi!I be reset to zero. Therefore, by using the reset and/or the Interrupt switches
the operator may rrenuaily control the uperction and select and maintain any
posifian a; long cs desired. The front	 positional information as well as
visual display of the Io, and In /I^ r^,?io values provide a functional instrument
which is ready to use. Analog outputs for IT ' In and in/,To are provided. The
rear panel provides for t;Ae power supply input of + 28 VDC , protection fuses,
digital outputs and the OEM module interfccing connector.
-9-
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C ) POWER SUPPLY
The OEM-1 requires + 5 V, + 15 V, - 15V, and il— inc.ming + ZA VDC
for operation. The + 5 V and f 15 V sources are generated and regulated by
PCB-079. The board provides stable DC outpu+s with lime and load regulation
of about 0.01% on all outputs. Both the f 15 VDC outputs are capable of
supplying 100 mA, whereas the +5 VOC tuiput can supply up to 2 A. The
- 15 VDC output is achieved by utilL ng a 10 kHz oscillator whic'i drives
an inverter transformer. The output of this transformer is rectified, filtered
and regulated at - 15 VDC. The + 5 VDC and + 15 VDC are ct.wreni ! imited
at 2 A and 100 mA respectively.
-10-
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IV) OPERATING INSTRUCTIONS
A ) FRONT PANEL
The front panel contains the control switches, the position, overload
and error indicitars, the digital displa;, 	 signal input, the chopper monitor
output, and ^hre:a analog output rn^,-:itors. Each of these fur,cti0: will be
discussed in the k4lowing text.
Power On: This switch applies the + 28 VDC to the system. No YKjrm. -
up time is required.
Reset: This switch when actuated will cause the sam p le wheel to index
continuously until the 
1  
wheel position is detected. When the Io position is
reached, the sample sneel will proceed at a rate governed by the Samp.e Time
sw;" :h.
Th y Reset Light will come on when the power is initially applied to the
system unless the sample wheel is already in tie ,r 0 position. Therefore, the
OEM-1 will command the sample whee! to seek out the 0 position when
the unit is first turned on or whenerer fl-)is switch is actuated.
Interru t: This switch can be used to stop the sample whee! indefinitely
at any position desired. If actuated, however, during an indexing cycle, the
sample wheel will ct,ntinue the next position and then stop. This function
allows for sample replacement or longer integration times than provided by the
OFIG&4L W`AGE P°oR Qum
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front panel Sample Time switch. When this switch is dsoctivated, the sample
wheel will immediately advance to the next position. If this switch is depressed
after the reset command is initiated, the I0 position will be reached and
maintained. To index to, and hold the next position, & imply doactivate the
Interrupt switch and immediately active.a it again.
Sam?le Timer ( secorv!: ): This rotary switch selects the intcyrction time
of the sample position. The times provided are 1, 2, 5, 10,20, and 50 seconds.
The timer starts when the sample wheel reaches a new epperture position. At
the end of the timer cycle, a data ready strobe is generated and " ANDed "
with the DVM data ready TTL level. This ANDed data ready signal is provided
at the digital output connector. The sample wheel indexes to a new position
at the end of the timer cycle.
Position Indicators: There are eight LED indicators that show the wheel
position. When the Reset light is on, these LED's may be invalid. However,
when the TO position is reached the " 0 " light will illuminate, thus resetting
the position counter to the proper state. As the sample wheel indexes, these
LED's will sequentially illuminate to snow the correct sample position. The
position is also available in BCD format o khe CP2 connector on the rear panel.
Digital Display: This 3-1/?_ digit DVM has a full scale sensitivity of
f 19.99 V. The decimal point is fixed between the first and second MSB
digits, e.g. 1.000. In the 1  position the DVM reads the lock -in output
directly. The 1  signal should be as close to + 10 V as passible for 
maximum
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ratio accuracy. In the i 1	 17 positions, the ratio Ire /Ia is displayed
where n = 1 -• 7. The DVM display is provided in BCD, TTL comparable
levels at CP2 on the rear panel. The DVM data ready strobe is also provided
if readings at the DVM reading rate are desired.
Overload: This LED indicator wi:i come on if the signal input exceeds
+ 10 VDC. The overload conditions is also available in dig'tol form at CP2
on the rear panel.
Error: This LED indicator will illuminate if the I signal is greater
n
than the clear aperture position signal. This function is also available in
digital 1 TL computable form at CP2 on the rear panel.
Signal Input: This floating BNC is to be connected to the NASA supplied
lock; in amplifier. The output of the lock-in amplifier should be close to + 10 `/
in the 1  position for the best ratio accuracy. The overload light will come on
if the input voltage exceeds +10V. Do not apply a negative input polarity.
Chopper Monitor: This floating BNC provides the chopper reference for
the lock-in onplifier. The output is 50% duty cycle and is a TTL output level.
I0 This floating BNC provides an analog output of the stored 1 
signal. This s gral remains stable over tie complete sample wheel indexing
cycle. When anew IO	 Oposition is reached, this I signal level may change
to correspond to the new r0 signal level. Do not load this output down, use
equipment with at least 10 kohm input impedance when measuring this output.
^r
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Imo? This floating BNC connector essentially provides the lock-in output
(some as signal input) signal at the front panel. However, this output is
after the buffer amplifier and is the exact voltage that is applied to the
analog divider circuitry. The signal input and the In output will vary by
the amount of offset and attenuation contributed by the buffer amplifier.
Use at least 10 kotm input impedance measuring equipment.
IR /I : This floating BNC provides the output directly from the
analog divider. This analog signal is directly coupled internally to the
DVM in the El 17 positions. Use at least 10 kohm input impedance
measuring equipment.
B )	 BACK PANEL
The back panel provides the input power connections, fuses, and the
connectors for digital outputs and OEM housing interfacing. Each will be
briefly discussed.
Input Power Barrier Strip: The OE.V.-1 requires an + 28 VDC input.
A two terminal barrier strip is provided to interface the OEM-] to an external
power supply. Make sure the external supply is properly connected, otherwise
damage to the OEM-1 may result.
Fl: This 5A fuse is the main line fuse and protracts the GEM-1 from
system overloads and short circuits.
-14-
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2: This 1/2 A fuse protects the chopper motor.
F3: This 1-1/2 A fuse protects the DC power supply PCB-078.
F4:This 1/4 A fuse protects the pcotomuitiplier tube power supply.
CPI: This 24 pin cannon connector provides ell the interfacing necemory
between the sample wheel assembly and the OEM-11 electronic chassis.
See Table I for the pin assignments.
CP2: This 24 pin ribbon connector provides all the BCD, TTL
compatible data line necessary to into foce with the external peripheral
equipment. See Table 11 for the pin assignments.
-15-
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V ) CALIBRATION PROCEDURE
A ) SAMPLE TIMER CALIBRATION
There are six single turn trim-pots on the sequencer and controller
printed circuit board, PCB-078, which allow calibrating the sample timer.
The trimpots are labelled " IS " through " 50S " corresponding to their
respective timer positions. To calibrate, follow this procedure:
i) Using an oscilloscope of theinterval counter, look at
pin 9 of U15, and pin 3 of U5.
ii) Select the desired sample timer position cnd allow the sample
wheel to index. Adjust the appropriate trim-pot so that the
time between the pulses at these pins corresponds to the
selected time position.
B )	 CHOPPER SPEED ADJUSTMENT
The chopper speed adjustment Is located on the " Anala3 Divider
and Chopper " printed circuit board, PCB-060. Follow this procedure to
adjust the chopper speed.
i)	 Remove the power supply printed circuit board, PCB-079,
for access to the speed adjustment.
-16-
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i ) con't
Make sure this board is supported and insulated from the
surrounding circuitry so it does not short out.
ii )	 Adjust him-pot labelled " ^41, Chop. Rate n on PCB-060
while observing the chopper monitor BNC output. If this
poi is adjusted to an excessively low speed, the chopper
wheel will pulse irratically, if adjusted too high, the speed
regulation will be affected. A chopping frequency of about
15 Hz is desired for proper stability.
C ) DAC OFFSET AND FULL SCALE ADJUS:'MENT
These adjustments also include the DAC output amplifier balance
adjustment. Follow these steps for correct DAC adjustments.
i )	 Remove the power supply board, PCB-079, for access to the
DAC and the trim-pots. Insulate this board from the
surrounding circuitry.
Allow the sample wheel to index to the I0 position. Actuate
the Interrupt switch so that the wheel can be manually turned
for the following steps.
iii )	 With the sample wheel in the I0 position, check pins 12,. 13,
14, 15 cf U3, U4 and U5 and pin 15 of U2 to mcl:e sure the
ADVANCED KINETICS, INC.
storage resistors are reset to zero. If they are, use a 4.1/7
digit DVM with a resolution of i00 pV and observe pin 30 of
3-1/2 digit DAC. This DAC output can be zeroed by
adjusting the trimpot label led " 94, Offset Adj. ". Adjusr
M so that the DAC is as near to zero as possible. Connect the
DVM common lead to the analog ground on PCB-080.
iv) With the DAC zeroed as close to zero as possible, observe
the output of U6 at Pin 6. Adjust the trim-pot labelled
" U6 Bal." so that it reads the some as pin 30 of the DAC.
Thus, pin 6 of U6 should also read very close to zero volts.
v) With a stable external power supply, apply + 10.00 VDC to
the signal input BNC. The DVM should read 1.000
( corresponding to + 10.000 V ). Make sure the DVM reads
exactly 1.000. Now, manually turn the sample wheel to the
I1 position. Pin 15 of U2 should now be a Ionic 1, and
pins 12, 13, 14 and 15 of U3, U4 and U5 should be a logic
0. Adjust the trim-pot labelled " R5, F.S. Adj. " reads
+ 10.000 V on the 4-1/2 digit DVM.
- is-
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VI) TROUBLESHOOTING PROCEDURE
A few brief suggestions listed below may help in locating system problems.
This list is not intended to cover all the possible symptoms and causes, but it should
cover some of the most likely ones. Refer to the indicated schematics when specified.
All voltages are referred to chassis common.
SYMPTOM	 PROBABLE CAUSE & SOLUTION
1) No system power a) Check Fl and replace if necessary.
Investigate the cause of failure.
b } Make sure the input DC I ines are
properly connected.
2) The position indicators show a) If the wheel is obstructed this will
the wrong position cause a wrong count.
b ) A varying + 28 VDC input may
slow the stepper motor sufficiently
to cause timing problems. 	 Use a
solid +28 VDC source.
3) The sample timer is not a ) kcalicrate as discussed in
calibrated. Chapter V, A.
4) The DVM ratio readout is in
error and/or may exceed a ) At small I	 signal input levels
1.000. the DAC accuracy will reduce
the accuracy of the ratio measure-
ment.	 For the best accuracy,
keep the I	 signal level as close
to + 10 Vas°possible.
b) The accuracy of the analog
divider falls off steeply for Io
< 100 mV.
-19-
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5) The chopper rate is irratic a) If the chopper rate trim-pot
or drifts randomly R41 on PCB-080 is adjusted too
low or too high a loss of regulatio,
will occur. Select a rote of
about 15 Hz.
n) A rapidly varying + 28 VDC
input may cause random variations
in the chopping frequency.
6) The cctio output inaccuracy
seems to be excessive a) Recalibrate the DAC and its
associated amplifier U6, by the
procedure discussed in Chapter
V, C.
6) For best results, keep the I
signal level as close to + 1CFV
as possible.
7) The chopper motor is a) Check F2
not running
8) No Photomultiplier output a) Check F4
is detectable b) Do not damage the PMT by
flooding it excessively with the
lamp source.
9) The stepper motor does not a) Tighten the set-screws in the
stop-at the correct wheel shaft-to-wheel coupler assembly
position ( detent) b) Adjust the detent to match the
sample wheel grooves
C ) Adjust the pulse width of U13
Tw = 1.1 (R49) (C33) so that
the trailing edge of the pulse
occurs after the sample wheel
stops oscillating ( after being
pulsed ) and before the next
motor step command is determinec
by U13 Pin 5.
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TABLE
CP 1, OEME TO OEMCP INTERFACE
PIN	 FUNCTION
A Open
8 Open
C Open
D Open
E Chopper LED Anode
F Chopper LED Cathode &
Chopper Plato-transistor emitter
G Chopper Photo-transistor collector
^i Photomultipl ier P. S .	 +28V 
J Photomultiplier P.S.; Ground
K I LED Anode
L
0
I LED Anoden
M I& I LED cathodes & I & I
o	 nraPhoto-	 nsistor emitters
N I	 Photo-transistor collector
P
0
In Photo-transistor collector
G. Open
R Ground
S Ground
T Ground
U Chopper motor shield return
V Stepper motor shield
W Chopper motor ( L )
X +28 VDC Chopper motor ( H )
Y + 28 VDC Stepper Motor ( H )
Z Stepper Motor ( L )
i
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TABLE
CP2, DIGITAL OUTPUTS
	
PIN	 0
	
FUNCTION
1
	
Data Ready ( OEM + DVM j
	
2
	
Position BCD: 4
	
3
	
Position BCD: 2
	
4
	
Position BCD: 1
	5
	
Error
	
6
	
Analog Overload
	
7
	
kood Enable
	
ii	 Data Ready ( DVM )
	
9	 + Polarity
	
10
	
DVM Overflow
	
11
	
BCD: 1000
	
12
	
BCD: 000
	
13	 BCD: 400
	
14
	
BCD: 200
	
15
	
BCD: 100
	
16
	
BCD: 00
	
17
	
BCD: 40
	
18
	
BCD: 20
	
19
	
BCD:	 10
	
20
	
BCD:
	
21
	
BCD:	 4
	
22
	
BCD:	 2
	
23
	
BCD:	 1
	
24
	
Digital Ground
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